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Lectin-Based Characterization _of Glycoproteins in Plants and lts 
Application to Cultivar Discrimination 
Charakterisierung von Glykoproteinen in Pflanzen mit Hilfe von Lektinen. Anwendung zur Unterscheidung von 
Kultivaren 
Von Akbar A. Shah und H. Stegemann 
Zusammenfassung 
Lektine wurden benutzt, um Zuckeranteile in Glykoproteinen 
von Samen, Blättern und Knollen nach einer SDS-Polyacryl­
amid-Gelelektrophorese und Elektro-Blotting darzustellen. 
Dabei wurden D-Mannose/D-Glukose enthaltende Glykopro­
teine durch Bindung an Concanavalin A und Peroxidase­
Färbung nachgewiesen. Glykoproteine mit N-Acetyl-D-glu­
kosamin bzw. L-Fucose werden durch Bindung von biotiny­
liertem Weizen-Keimling-Agglutinin (WGA) bzw. biotinylier­
tem V/ex europaeus Agglutinin (UEA) und mittels Avidin­
biotinylierter Peroxidase nachgewiesen. Die meisten der 
untersuchten pflanzlichen Glykoproteine enthielten D­
Mannose/D-Glukose. Es gelang die Unterscheidung zweier 
Kultivare durch ihr Glykoprotein-Muster, die anhand ihrer 
Protein-Muster nach Färbung mit Coomassie Blue nicht unter­
schieden werden konnten. 
Abstract 
Lectins were employed to characterize sugars in glycoproteins from seeds, leaves and tubers after SOS-PAGE and electroblotting. O­mannose/0-glucose were attached to Con A and stained by peroxi­dase, N-acetyl-0-glucosamine to wheat germ agglutinin (WGA) and L-fucose to Ulex europaeus agglutinin (UEA), both biotinylated andstained via avidin-biotinylated peroxidase. Most of the plant glycopro­teins contained 0-mannose or 0-glucose. An example is given todifferentiale cultivars by their glycoprotein patterns. These cultivarscould not be discriminated by protein patterns when stained withCoomassie Blue.
Glycoproteins play an important role in plants, in particular 
the plant/pathogen relation is discussed (KosuGE, 1981 and 
MAHADEVAN et al., 1982). A wide ratio of conjugated car­
bohydrates is present in proteins, which range from glycopro­
teins to proteoglycans (SELVENDRAN and O'NEJLL, 1982). 
Essentially all proteins of plants seemingly have covalently 
linked carbohydrates. Since the detection of D-glucosamine as 
a sugar component of a purified glycoprotein from Sper­
matophytes (PUSZTAI, 1964), many other sugars have been 
reported (LIS et al., 1966, ALLEN et al., 1978, KEEGSTRA et 
al., 1973, GREEN and NORTHCOTE, 1978). A binding action of 
certain glyco-moieties in the plant for a specialized pathogen 
may induce susceptibility (LAMPORT, 1980). Glycoproteins 
produced by plant pathogens function as toxins and evoke 
symptoms of disease in plants, some of these toxins have an 
enzymatic character (NANNO et al., 1975). 
The characterization of this highly distinct;ve group which 
combines the individualistic features of proteins and sac­
charides can now be compared more specific than by the 
traditional Schiff reaction or by stains of meagre specificity. 
Therefore, the Jectin-based characterization after gel elec­
trophoresis was applied and evaluated. To show the general 
applicability of the chosen electrophoretic separation and the 
glycoprotein detection in polyacrylamide, some seed, leaf and 
tuber proteins were investigated to get a better, appropriate or 
an additional characterization of the tissue compared to pro­
tein patterns. 
Materials and Methods 
Biotinylated plant lectins: Concanavalin (Con A), wheat germ 
agglutinin (WGA), Ulex europaeus agglutinin (UEA), and 
the kit avidin-biotinyl horseradish peroxidase (Vectastain 
ABC Kit) were obtained from Vector Laboratories, Burling­
ame, Calif., USA, through Atlanta Chemie, D-6900 Heidel­
berg. Horseradish peroxidase, Concanavalin A and Hepes 
were obtained from Serva, D-6900 Heidelberg. Marker pro­
teins such as phosphorylase b (rabbit), bovine serum albumin 
(BSA) (Boehringer, D-6800 Mannheim), chymotrypsinogen 
and lysozyme (Serva, D-6900 Heidelberg) for SDS-PAGE 
were treated to give protomers according to Stegemann et al. 
(1985a). 
Mature seeds of Vicia faba, cv. Diana; Phaseolus vulgaris,
cv. Dopp. Holl. Prinzess; Trigonella foenum graecum, cv.
Giza 2; Zea mays, cv. Campo and cv. Orkan; Triticum aes­
tivum, cv. Drabant and cv. Famos. Leaves of Zea mays, cv.
Blizzard. Tuber of Solanum tuberosum, cv. Maritta. The
material was supplied by different Syrian and German
research stations. Except for the Solanum tuberosum, from
which the sap was prepared as described by STEGEMANN and
SCHNICK (1985), the dry seeds were defatted three times with
cold acetone, air dried and milled with dry ice in a centrifugal
AP = Ammonium peroxodisulfate, Hepes = 4-(2-Hydroxyethyl) piperazine-N'-2-ethanesulphonic acid, PAGE = Polyacrylamide gel electrophoresis, SOS = Sodium dodecyl sulphate, TEMEO = N ,N ,N' ,N' -Tetramethyl-ethylenediamine, TRIS = Tris(hydroxy­methyl)-aminomethane, Con A = Concanavalin agglutinin, WGA = Wheat germ agglutinin, UEA = Ulex europaeus agglutinin, M, = Molecular mass, relative; determined in SOS-PAGE, kOa = Kilo Oalton, unit for the relative M,. 
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mill (Retsch ZM 1, D-5657 Haan) giving a particle size mainly 
below 25 µm. The meal was defatted with cold acetone three 
times for 5 min, dried under vacuum and stored at -18 °C until 
use. 
Extraction of Seed Proteins 
The defatted dried meal was mixed with 8 parts (w:v) water 
containing 0.2 % sodium azide in centrifuge tu bes and sonified 
(Sonorex RK 255, D-1000 Berlin) for 15 min at 2 °C, cen­
trifuged at 40,000 g for 20 min (2 °C) in a Sorvall RC-5B and 
the supernatant collected. The residue was treated once again 
in the same manner as the meal. The second extract was 
combined with the first and stored at -18 °C. 
Extraction of Leaf Proteins 
Leaves of 24 days old Zea mays, cv. Blizzard (4 unfolded 
leaves stage) were washed once with deionized water and the 
sap obtained at 4 °C by a leaf-press (Blattpresse, Pollaehne, 
D-3000 Hannover) adding 0.5 ml 0.025 M Tris/0.192 M glycine
buffer pH 8.3. To 100 parts extract one part of 1 % Na2S03 
was added and centrifuged as the seed extract. The superna­
tant was stored at -18 °C until use.
SOS-Treatment and Electrophoresis 
Protein extracts were mixed in a ratio 4:1 with 0.625 M Tris/ 
HCl pH 6.8, 2 % SDS, 5 % 2-mercaptoethanol, 10 % glycerol 
(w:v) and 0.001 % Amido Black and boiled for 4 min. The 
SDS-PAGE was carried out in 190 x 140 x 1 mm slabs with 
the POOMA-PHOR (Labor-Müller, D-3150 Hann. Münden) 
in a discontinuous gel. 
The separation gel contained 15 % deionized acrylamide, 
0.13 % N,N'-methylenebisacrylamide, 0.1 % SDS (all w:v), 
15 % glycerol (v:v) in 0.375 M Tris/HCl buffer pH 8.9. The 
stacking gel contained 5 % acrylamide, 0.13 % N,N'-methyl­
enebisacrylamide, 0.1 % SDS (all w:v) in 0.125M Tris/HCI 
buffer pH 6.8. 
The electrode buffer was 0.025 M Tris and 0.192 M glycine 
pH 8.3 and 0.1 % SDS. The protein separation was carried out 
overnight at 100V and 4 °C (1700 Volt·h) until the tracking dye 
(Amido Black) was 3 cm from the end of the slab. After 
electrophoresis the gel was cut into 4 identical strips. One strip 
was stained for proteins with 0.025 % Coomassie Blue R 250 in 
25 % propan-2-ol, 10 % acetic acid and 65 % water for 1 h and 
destained twice in a mixture of 6 % acetic acid, 28 % methanol 
and 66 % water for 1 h. Proteins from the other 3 strips were 
transferred to the nitrocellulose membrane (NC-Membrane 
Filter BA 87, Schleicher & Schüll D-3354 Dassel). 
Electro-Blotting 
The gels were placed on the NC-membrane and mounted in 
the electroblot cell of the POOMA-PHOR containing transfer 
buffer (10 % propan-2-ol in buffer 25 mM Tris/192 mM glycine 
pH 8.3) as described by Stegemann et al. (1985b).The transfer 
was carried out for 2 h at 40 V and 8 °C. After the transfer the 
gels were stained with Coomassie Blue R 250 ( described 
above) as control that the proteins had been transferred. The 
NC-membrane (blot) was placed in the plastic trays (11 X 12 
cm) with the transferred side facing upwards and washed three
times for 5 min with 10 ml of HBS (Hepes Buffered Saline pH
7.4: 30 mM Hepes/137 mM NaCl/2.7 mM KCl/0.9 mM CaCl2/ 
0.5 mM MgC12) to remove the SDS which interferes with the
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staining. To saturate the non-occupied protein binding sites of 
the NC-membrane, the blots were soaked for 1 h at room 
temperature in HBS with 0.5 % fish gelatin (Saravis, 1984, 
modified by us). Hipure Liquid Gelatin No. 50-005, Norland 
Products, New Brunswick, N.J., USA or Labor-Müller, D-
3510 Hann. Münden. 
Detection of Glycosidic Groups by Enzyme-Linked Lec­
tins. lncubation Forming the Avidin-Biotin-Complex 
(ABC) 
Each blot was incubated with 2.5 ml of the corresponding 
biotinylated lectin (for Con A see later) in a concentration of 
10 µg/ml in HBS containing 1 % BSA for 1 h at room tempera­
ture (GORDEN & PENA, 1982). lt should be assured that the 
blot surface is covered with the lectin. Blots may be shaken. 
After the incubation the blots were washed three times for 5 
min with HBS and incubated further with 2.5 ml solution of 
the avidin-biotin-complex. The complex solution was prepared 
in the following way: 1 drop of avidin (45 µ!) and 1 drop of 
biotinylated peroxidase (45 µ1) in 8 ml HBS was allowed to 
stand for 30 min at room temperature, after which 50 µ112 % 
(w:v) BSA solution was added, mixed thoroughly and applied 
to the blot surface with the help of the supplied plastic bottle 
and incubated for 30 minutes. 
After the incubation, the blots were washed again three 
times for 5 min with HBS and finally stained with a fresh 
solution of 0.01 % H202 and 0.06 % 4-chloro-1-naphthol 
(Sigma) in HBS, which may be prepared from a 0.3 % (w:v) 
chloronaphthol stock solution in methanol (Hawkes, 1982). 
The staining can be stopped by washing with water. 
Since Con A has natural binding sites for the horseradish 
peroxidase, the application of ABC in this case is not 
necessary. After electroblotting, the NC-membrane was 
washed three times for 5 min in TBS (Tris Buffered Saline pH 
7.4: 50 mM Tris-HCl/200 mM NaCI), saturated with fish 
gelatine and incubated with Con A (50 µg/ml TBS) for 60 min, 
washed three times as above, incubated with horseradish 
peroxidase (50 µg/ml TBS) for 30 min, washed 2 times with an 
excess of TBS and stained with chloronaphthol (HA WKES, 
1982). 
Results and Discussion 
For the identification of glycoproteins after gel-electrophoresis 
two methods had been taken over from histochemistry, 
namely the application of the Schiff's reaction ( e.g. 
ZACHARIUS et al., 1969) and the staining with Alcian Blue 
(WARDI et al., 1972). However, these methods have draw­
backs in the sensitivity and reproducibility. Other techniques 
have been designed using impermeant agents for surface­
labelling of the electrophoretically separated glycoproteins. 
One dass of such labels are lectins, which bind non-covalently 
to oligosaccharide chains (GOLDSTEIN and HEYERS, 1978). 
Lectins have been used in studies of cell agglutination 
(BURGER and MARTIN, 1972), horseradish peroxidase 
(GONATAS and AVRAMEAS, 1973) or biotin derivatives (PENA 
et al., 1981) as histochemical and cytochemical reagents. 
Recently radio-iodinated lectins have been introduced for 
the specific detection of glycoproteins after SDS-PAGE 
directly (BURRIDGE, 1976) or after transfer onto nitrocellulose 
membrane (GORDEN and PENA, 1982). In this study we used a 
variety of biotinylated lectins and avidin-biotin-peroxidase 
complexes (ABC) to detect the glycoproteins in different 
plants after their electrophoretic separation in SDS-PAGE 
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and electrotransfer onto nitrocellulose membrane. The avidin­
biotin-complex, which was recently introduced (Hsu et al., 
1981) provides a new approach to study the glycoproteins not 
only in cultured cells but also in the material used here. 
Electrophoretic transfer of proteins to NC-membrane for 
2 h at 40 V and 8 °C showed that most of the proteins were 
transferred. Traces of protein bands with high M, (150 kDa) 
were still in the gel. If the transfer was carried out for 4 h, all 
the high M, protein bands were on the blot, but the low M, 
protein bands ( < 14 kDa) migrated through the NC-mem­
brane. 
So the transfer for 2 h and 4o·v at 8 °C was a good compro­
mise in our case. The staining sensitivity with the ABC­
method was found between 30 ng to 60 ng of ovalbumin which 
is in good agreement with the findings of GORDEN and PENA 
(1982). 
The staining sensitivity of Con A and horseradish peroxi­
dase (staining without the avidin-biotin-complex, as described 
by HAWKES, 1982) was found in the same range as already 
reported for the ABC. Although the use of biotinylated Jectins 
to detect glycoproteins is inevitable at present, still it is advis­
able to detect mannose/glucose residues with the Con A per­
oxidase procedure since the same results are achieved and the 
cost in only 1/20. 
Most of the glycoprotein bands appeared when the blots 
were treated with Con A/peroxidase (Fig. 1 b) indicating the 
presence of mannose/glucose which is linked to the protein 
core. Glycoprotein bands which appeared after the treatment 
Fig. 1. Characterization of glycoproteins in 
seed, leaf and tuber proteins from some culti­
vated plants after separation by SDS-PAGE 
followed by electroblotting and staining with 
different lectins. 
1. M,-Marker (uncoiled SOS-loaded subunits).
2. Solanum tuberosum cv. Maritta, tuber pro­
teins. 3. Vicia faba cv. Giza 1, seed proteins.
4. Phaseolus vulgaris cv. Dopp. Holl. Prinzess,
seed proteins. 5. Trigonella phoenum graecum 
cv. Giza 2, seed proteins. 6. Zea mays cv.
Blizzard, leaf proteins. 7. Zea mays cv. Campo,
seed proteins. 8. Zea mays cv. Orkan, seed
proteins. 9. Triticum aestivum cv. Drabant,
seed proteins. 10. Triticum aestivum cv. Famos,
seed proteins. a) Stained for proteins. b)
Stained for glucose/mannose residues in glyco­
proteins with Con A. c) Stained for N-acetyl­
glucosamine residues in glycoproteins with
WGA. d) Stained for L-fucose residues in gly­
coproteins with UEA·M,-Marker proteins from
top to bottom 1) phosphorylase b 97.4 kDa, 2)
bovine serum albumin 67.0 kDa, 3) alcohol
dehydrogenase 37.0 kDa, 4) chymotrypsinogen
27.7 kDa and 5) lysozyme 14.3 kDa.
with WGA (specificity for N-acetyl-D-glucosarriine) and UEA 
(specificity for L-fucose) are seen in Fig. 1, c and d. 
In Solanum tuberosum, cv. Maritta (Fig. 1, a-d, slot 2) most 
of the tuber proteins stained with Con A/peroxidase. Although 
similar patterns were seen between proteins stained with 
Coomassie Blue (Fig. 1 a, slot 2) and those stained via Con Al
peroxidase (Fig. 1 b), some major bands seen in Fig. 1 a were 
not present as glycoproteins and vice versa. The 3 bands 
having M, between 37 and 45 kDa were seen in both the cases. 
Two bands having 86 and 17 kDa were seen only when stained 
with Con A/peroxidase. No glycoproteins with N-acetyl­
glucosamine were observed, but fucose containing proteins 
(UEA binders) were seen especially in the range between 14.0 
and 15.6 kDa (Fig. 1 d, slot 2). 
Vicia faba, cv. Giza 1 (Fig. la-d, slot 3) exhibited only one 
strong band (53.5 kDa) binding ConA and some weak bands 
between 42.7-64.0 and 15.9-18.0 kDa. Few WGA binders and 
about 10 UEA binders (Fig. lc and ld, slot 3) were seen. At 
the lower end of the blot they have the same position. 
Phaseolus vulgaris (Fig. 1 a-d, slot 4) exhibited an entirely 
different picture. The bands stainable with Coomassie Blue 
did not coincide with the glycoprotein bands (36.5, 53.5 and 
60.0 kDa, resp.). When stained with Con A/peroxidase, 3 
strong (32.3, 41.0, 60.0 kDa) and a few weak bands of glyco­
proteins containing N-acetyl-glucosamine and fucose were also 
observed (Fig. 1, c and d, slot 4). 
In case of Trigonella foenum graecum (Fig. 1, a-d, slot 5), 
although the protein pattern stained with Coomassie Blue was 
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different from that of Giza 1 (slot 3), the Con A, WGA and 
UEA binders were almost the same in both the cases (Fig. 1 b, 
c and d, slots 3 and 5). This is perhaps due to the similar 
glycoprotein synthesis in the ER-system of these two genera. 
Leaf proteins of Zea mays, cv. Blizzard (Fig. 1, a-d, slot 6) 
show a different protein pattern in comparison to seed pro­
teins of cv. Campo and cv. Orkan (slot 7 and 8). Leaf proteins 
exhibited Con A and UEA binders, whereas the seed proteins 
exhibited mostly strong Con A and few fucose binders. No N­
acetylglucosamine containing glycoproteins were seen in leaf 
extracts, whereas traces of WGA binders were registered in 
case of seed proteins. 
Of great interest were the observations made with the two 
cultivars of Triticum aestivum, namely Drabant and Famos 
(Fig. 1, a-d, slots 9 and 10). In this case similar bands were 
exhibited for proteins and almost likely bands for Con A 
binders were observed (Fig. 1, a and b). Very distinguished 
patterns appeared for N-acetylglucosamine and fucose binders 
(Fig. 1, c and d, slots 9 and 10). To confirm this result, the two 
wheat cultivars were examined with different methods like 
PAGE, Porosity Gradient-PAGE, SDS-PAGE, SDS-Poro­
PAGE and finally Isoelectric Focusing (Stegemann et al., 
1985 a) to discriminate these cultivars via Coomassie Blue 
staining. 
The results of these experiments showed almost no 
differences between the two wheat cultivars proving that cul­
tivars can be further discriminated with the help of glycopro­
tein patterns. 
The abundance of bands binding Con A indicates most 
probably proteins linked to N-glycosidic mannose, possibly 
derived from nucleotide sugars in the first stage of glycosyl 
biosynthesis (SHARON, 1984). Some of the identical bands 
seen after staining with WGA and UEA are most possibly due 
to the genetic variation in the glycoprotein biosynthesis, which 
stems from two main pathways: 
1) Translation of genes by template mechanisms and syn­
thesis of polypeptides having an amino acid sequence with an 
appropriate capability of recognition for glycosylation. 
2) The availability of enzymes responsible for the synthesis
of activated forms of sugar, their transfer to acceptors and 
finally for the processing (HUGHES, 1983), in other words the 
carbohydrate unit attached to a particular amino acid residue 
in a polypeptide chain of the same glycoprotein show struc­
tural heterogeneity (SHARON, 1984). 
The apparent M, reported in this study could be considered 
as a real MW of glycoproteins, as the determination was 
carried out in 15 % gels. SEGREST and JACKSON (1972) 
reported, that the lower SDS-binding capacity for carbohy­
drate containing proteins decreased the charge to mass ratio 
for glycoproteins versus standard proteins, misleading the M, 
determination of the glycoproteins in SDS-PAGE of lower gel 
concentrations. This drawback, however, can be avoided if the 
gel concentration is above 12 % . 
In this study we have tried to show that differential staining 
helps in cultivar discrimination, which due to the modern 
breeding methods is becoming a difficult task not only for the 
cultivar registration authorities, but also for the breeders. 
These dif
f
iculties can be mastered with the help of some 
specific sugar containing glycoproteins, whose importance in 
the plant resistance and plant/pathogen relation should not 
only be further investigated, but their employment as diagnos­
tic tools for cultivar discrimination can not be overestimated 
(STEGEMANN, 1984). 
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Concluding Remarks 
Three lectins were employed to detect specific sugars in gly­
coproteins after SDS-PAGE. This permitted not only discrimi­
nation of closely related cultivars which are barely differenti­
ated by the common protein staining procedure, but it also 
gives insights into the distribution of the individual glycopro­
teins within the cell which may be important for regulation and 
their specific interaction with exogenic macromolecules (plant/ 
pathogen relation). The study of their genetic variation could 
play an important part in this field. The glycoproteins could 
finally be used as genetic markers for breeding new varieties. 
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Messung der Querverteilung von Schlitzdüsen in einem 
Ringversuch 
Distribution measurements of slit nozzles in a ringtest 
Von H. Kohsiek 
Zusammenfassung 
In vier verschiedenen Ländern wurden von den zuständig�n 
Prüfstellen mit einem Düsensatz Messungen der Quervertei­
lung auf Prüfständen durchgeführt. Die Ergebnisse wurden 
statistisch untersucht und verglichen. Auf allen Prüfständen 
wurden die in der Bundesrepublik Deutschland angewendeten 
Anforderungen erfüllt. 
Abstract 
In four different countries the test stations accomplished distribution 
measurements on their patternators with the very same set of nozzles. 
The results were statistically evaluated and compared. On all patterna­
tors the nozzle fulfilled the requirements used in the Federal Republic 
of Germany. 
Bei der Prüfung von Feldspritzgeräten und deren Düsen wer­
den Verteilungsprüfstände eingesetzt, die aus quer zum Spritz­
gestänge angeordneten, parallel verlaufenden Rinnen von 
meist 10 cm Breite bestehen. Sie wurden von den Prüfstellen 
selbst entworfen oder auch gebaut, wobei in einigen Fällen 
aber die Rinnen anderweitig gefertigt worden sind (1). In den . 
Rinnen wird die von den Düsen verteilte Flüssigkeit aufgefan­
gen und - da sie geneigt angeordnet sind - nach einer Seite 
Meßzylindern zugeführt. 
In den verschiedenen Ländern sind die Prüfstände meist 
unterschiedlich gebaut. Einige Festlegungen erfolgten in der 
ISO-Norm 5682/1 (2). In einem Ringversuch, an dem sich vier 
Prüfstellen - Dänemark (OK), Niederlande (NL), Norwegen 
(N) und Bundesrepublik Deutschland (D) - beteiligt haben,
wurden Vergleichsmessungen durchgeführt, um zu ermitteln, 
wie weit sich die Ergebnisse aus gleichen Messungen unter­
scheiden. 
1 Düsen und Versuchsdurchführung 
Es wurden zehn Düsen (außer in Norwegen, dort wegen des 
schmaleren Prüfstandes sechs) 110 08 SS (Hersteller SSCo) 
verwendet.1) Sie waren so gekennzeichnet, daß sie in allen
Versuchen in derselben Reihenfolge und Stellung in das 
jeweils vorhandene Gestänge eingebaut werden konnten. Die 
Versuche wurden ohne Filter bei 50 cm Höhe zwischen 
Düsenunterkante und Rinnenoberkante sowie 50 cm Abstand 
am Gestänge bei den Spritzüberdrücken 2, 3, 4, 5 und 6 bar 
durchgeführt. Auf jeder Seite des Prüfstandes wurden die 
außerhalb des rechnerisch voll überlappten Bereichs liegenden 
Rinnen nicht in die Auswertung einbezogen. Die Spritzrich­
tung war senkrecht nach unten. Es wurden je zwei Meßreihen 
ermittelt und eine davon ausgewertet. Die Düsen sollten 
gemäß ISO 5682/1 (2) über den Rinnenwänden angeordnet 
werden. 
Die Auffangbehälter (Meßzylinder) waren - bis auf D und 
NL - verschieden groß. Abhängig davon und vom Spritzdruck 
lag die Meßzeit in DK zwischen 13 und 22 s, in NL zwischen 
120 und 210 s, in N zwischen 30 und 59 s und in D zwischen 
120 und 180 s. 
Im übrigen wurden die Messungen so durchgeführt, wie die 
Prüfstellen üblicherweise vorgehen. 
1) Die Düsen standen zufällig zur Verfügung. Eine Aussage über
Qualität o. a. ist nicht beabsichtigt. Die Menge war kleiner als bei 
einer Prüfung üblich. 
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